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A B S T R A C T   

Neodymium oxide doped tellurite-based glass has been widely documented for potential uses in optoelectronics, 
but graphene oxide (GO)-coated tellurite-based glass has rarely been reported. In this work, we compare two sets 
of glass series which were GO-coated and uncoated tellurite-based glass series denoted as ZBTNd-GO and ZBTNd, 
respectively. The two sets of glasses were fabricated via melt-quenched process. A set of glass was coated with GO 
using low-cost spray coating method. The structural and morphological properties of the glass samples were 
investigated to confirm the type of structure in glass and formation of graphene oxide on glass surface. The X-ray 
diffraction (XRD) pattern confirmed the amorphous structural arrangement in both sets of glass series. The 
morphological study proved the existence of GO layers on top of the ZBTNd-GO surface. The optical bandgap 
energy of ZBTNd-GO glass was found in the range of 3.253 eV–3.381 eV which was higher than ZBTNd glass. 
Meanwhile, the refractive index of ZBTNd-GO glass varies from 2.301 to 2.332 which was higher than ZBTNd 
glass due to the presence of functionalized oxygenated groups in GO structure. The oxide ion polarizability of 
ZBTNd-GO glass was found decreased due to the shift of optical band gap when coated with GO. This work offers 
a new form of glass that could be used as a new strategy to upgrade the current photonic materials.   

1. Introduction 

Graphene oxide (GO) is oxidized from a graphene derivative that can 
be described as a carbon-based substance composed primarily of an 
abundant content of oxygen-containing functionality groups found at 
the edges of GO structures [1,2]. The excellent properties in GO have an 
extraordinary interest to be included in the optoelectronics application 
[3,4], super-capacitors [5,6], or as an energy charge storage like 
GO-based lithium ion battery [7], respectively as well as suitable to be 
applied in the enhancement of sensing [8] and solar cells [9] 
applications. 

In particular, the widening of band gap energy in GO structures 
which due to the pristine graphene through the transformation from sp2 

to sp3 hybrid via an oxidation process, can be considered to be beneficial 
for enhancing the optical properties in the glass materials [10,11]. The 
tuning of GO band gap energy implies, in particular, the presence of 
higher functional groups of oxygen, which can be correlated with the 
effect of oxidation in GO structures [12]. The integration of graphene 
oxide and tellurite glass is therefore a way to further enhance the optical 
properties of the glass network system, as the inclusion of GO itself 
would perform as an ideal candidate for the production of excellent glass 
coatings. 
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Tellurite glasses provide scientific and future interest due to their 
physical properties, including outstanding compatibility with rare- 
earth, excellent optical tuning and stable glass formation [13,14]. It is 
therefore anticipated that the tellurite-based glass system, with the 
addition of GO, may enhance the optical properties that are useful for 
fiber optics. Neodymium ions are often chosen due to their suitability for 
glass-forming and high optical properties for optical sensors and laser 
technology with a significant potential [15,16]. In comparison, neo
dymium ions have special properties with a 4-level laser emission of 
about 1 mm, which is higher than other rare-earth ions [17]. 

Graphene coated-glass fibers have been extensively investigated due 
to their excellent optical applications especially in optical sensors, op
toelectronics devices, and light-weight electromagnetic shielding. 
Polymer based fibers such as polyaniline and polypyrrole have several 
disadvantageous like expensive to produce, low performance, and 
difficult to fabricate. However, glass fibers have been widely commer
cialized due to the low-cost production and excellent optical properties. 
Coating the glass fibers with graphene oxide has been proved to be an 
excellent strategy to improve the performance of glass fibers. 

Apart from the utilization of GO-based materials for advanced sur
face coatings, however, previous research in this area is very limited. In 
this work, we aim to improve the optical properties of glass materials by 
depositing GO on the glass surface and at the same time, this novel 
research may significantly achieve an interesting result, mainly for the 
fiber optics technology. 

2. Materials and methods 

2.1. Fabrication of glass 

The sets of glasses named as ZBTNd-GO and ZBTNd were fabricated 
via melt-quenching technique. The compositions of the sets of glasses 
are as follows:  

ZBTNd-GO/ZBTNd: {[(TeO2)0.70(B2O3)0.30]0.70(ZnO)0.30}1-y(Nd2O3)y            

y = 0.005, 0.01, 0.02, 0.03, 0.04, 0.05 mol%                                              

The high purity of raw materials consists of Tellurium (IV) Oxide, 
TeO2 (Alfa Aesar, 99.99%), Boron Oxide, B2O3 (Alfa Aesar, 98.50%), 
Zinc Oxide, ZnO (Alfa Aesar, 99.99%), and Neodymium (III) Oxide, 
Nd2O3 (Alfa Aesar, 99.99%). All the chemical powders were weighed 
using an electrical balance in accordance of calculated compositions 
with an accuracy of ±0.0001 g. 

The weighed chemical powder was then placed into a platinum 
crucible and stirred for 30 min in order to obtain a completely homo
geneous mixture. The platinum crucible containing raw materials was 
placed to the first furnace for 400 ◦C for an hour to undergo the pre- 
heating process probably to remove the water content or moisture 
contained in the mixture. Next, the mixture was melted with a high 
temperature of electrical furnace at 900 ◦C for 2 h certainly to obtain the 
good performance of transparent glass and having the low tendency of 
fragility in glass materials. 

The molten chemical powder was poured instantly into a cylindrical 
stainless steel mould that had been pre-heated at 400 ◦C about an hour 
earlier to avoid the glass cracking which could result from the thermal 
shock and the melt was immediately annealed at 400 ◦C for an hour to 
release the thermal stress or strain and get rid of the air bubbles which 
might exist in glass materials. The fabricated glass samples were allowed 
to cool down at room temperature for 5 h before being polished on both 
sides using the different types of sandpaper to attain the highly flat, 
shiny, and smooth on glass samples surface for further optical and 
structural characterization in the glass materials. 

2.2. Extraction and deposition of graphene oxide on the ZBTNd glass 
surface 

The synthesis of GO commonly used graphite electrodes based on the 
chemical approach via an electrochemical exfoliation technique. The 
graphite rods were attached to a direct current (DC) power supply as the 
function of an anode and cathode electrodes. The electrodes was 
immersed into the dissolved electrolyte solution. Interestingly, a 
commercially anionic surfactant known as the sodium dodecyl sulphate 
(SDS) was added into the de-ionized (DI) water to prepare the electrolyte 
solution due to that surfactant can assist to promote the stabilization of 
graphene sheets occurred during exfoliation process [18]. In addition, 
the presence of a surfactant might inhibit the formation of aggregation 
structures. The resulting GO materials was deposited on the ZBTNd 
surface via simple spray coating method to carry out the analysis on the 
optical and structural glass properties, as summarized in Fig. 1. 

3. Results and discussion 

3.1. Scanning electron microscopy (SEM) analysis 

Morphological analysis of ZBTNd-GO glass surface was performed 
using scanning electron microscopy (SEM), as depicted in Fig. 2 (a) and 
(b). The deposition of GO was done to upgrade the optical performance 
of the current tellurite-based glass. The agglomeration of graphene oxide 
was revealed as depicted in Fig. 2 (a) and (b) due to a certain amount of 
surfactant which attempts to optimize the exfoliated GO layers during 
the electrochemical process [19]. In addition, the GO layers include an 
excess of oxygen functional groups which may leads to the GO 
agglomerated structure. However, the anionic SDS surfactant interacts 
with GO layers through relatively weaker π-π interactions may not 
significantly reduce the agglomeration in GO structures [20]. 
Commonly, the graphite flakes exhibited a thicker flat surface consisting 
of many layers structure on the edges of GO layers which was clearly 
revealed that several graphitic layers were stacked together [21], as 
represented by the arrow in Fig. 2 (a). Meanwhile, a large crumpled 
layers structure was observed on the glass surface incorporated with GO 
dispersion, as shown in Fig. 2 (b). This type of agglomeration may be 
connected to the unbalanced of oriented graphite layer through an 
oxidation process [22]. 

Fig. 1. Schematic diagrams for synthesis and deposition of GO onto tellurite- 
based glass surface. 
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3.2. X-ray diffraction (XRD) 

The XRD spectral measurement was analyzed of GO-coated tellurite 
glass doped with Nd3+, as presented in Fig. 3. It can be observed that the 
spectral exhibited the broad diffusion at lower scattering angle at 2θ =
30◦ as having the continuous in pattern and also proved the structural 
arrangement of an amorphous in nature takes place in glass network 
system. Apparently, the prepared glass samples do not appear any 
discrete diffraction peaks on the diffraction spectrum which related to 

crystalline phases of any samples [23,24]. 

3.3. Optical absorption and optical coefficient 

The study of optical absorption is important to determine the optical 
transitions in tellurite glass especially in terms of rare-earth transitions 
in glass matrix [25]. The transmission optical absorption along with 
wavelength of ZBTNd-GO glasses are illustrated in Fig. 4. It was shown 
from the figure that the absorption bands consist of several peaks in the 
glass system. The present of absorption bands are originated from 
ground state, 4I9/2 to the excited states 2P3/2, 4G7/2, 4G5/2, 4F9/2, 4F7/2, 
4F5/2, and 4F3/2 which corresponds to the different excitation level. The 
absorption spectra possess several in-homogenously widened patterns 
due to f-f transitions in neodymium ions [26]. From the figure, it has 
been observed that the absorption coefficient increases along with 
wavelength which may be caused by the incorporation of GO itself as the 
coating material whereby the absorption of oxygenated functionality 
groups significantly influences the optical characteristics [27]. 

3.4. Optical bandgap, Urbach energy and refractive index 

The absorption coefficient value was estimated according to the 
following relation: 

α
(

ω
)

= 2.303
(

A
d

)

(1)  

where d represents the thickness of each glass samples and A is the 
absorbance value. 

The indirect transition in band gap energy was estimated by relating 
absorption coefficient, α(ω) and photon energy through the following 
expression [28]: 

α
(

ω
)

=
β(Ћω − Eopt)

Ћω

n

(2) 

β is band tailing parameter, Eopt is the optical bandgap energy, Ћω is 
the photon energy, and n is a constant index which has values of ½ 
(direct transition), 2 (indirect transition), 3/2 (direct forbidden transi
tion), and 3 (indirect forbidden transition) [29]. 

Fig. 5 refers the Tauc’s plot to determine the optical bandgap energy. 
It has been found that the optical band gap energy can be calculated by 
extrapolating the curves and the obtained Results have been shown and 
tabulated in Fig. 5 and Table 1, respectively. From Fig. 6, it was found 
that the optical band gap energy displayed a non-linear trend along with 
neodymium oxide concentrations in the range of 3.253–3.381 eV. This 
trend can be associated with the shift in optical absorption due to the 
effect of GO layers. The comparison in the optical bandgap energy values 
between ZBTNd-GO and ZBTNd are presented in Fig. 6 and Table 1 [30]. 

Fig. 2. The surface morphology of ZBTNd-GO glass surface with magnification 
at (a) 50 KX (b) 10 KX. 

Fig. 3. XRD diffraction pattern of ZBTNd-GO glasses.  Fig. 4. Optical absorption spectra of ZBTNd-GO glasses.  
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Fig. 6 depicts the variations of optical band gap energy for ZBTNd-GO 
glasses which is found higher than ZBTNd glasses. This result shows 
that the GO layers widen the forbidden gap of tellurite glass. 

The surface modification of GO-containing oxygen is the core 
explanation to the widening of the forbidden gap between the valence 
and the conduction bands [31,32]. This trend may be correlated to the 
optical absorption in GO layers which are significantly affected by the 
effect of π and π* orbitals on the electronic transition during the 
oxidation process. The presence of π orbital has a lower energy than that 
of the π* orbital which indicates the photon-induced transition between 
these π and π* orbitals in the oxygen-containing functional groups [33, 
34]. Therefore, this transition incorporates an electron from a lone-pair 
non-bonding n orbital to the anti-bonding π* orbital through photon 
absorption [35]. In addition, the widening of the optical bandgap energy 
for ZBTNd-GO glasses was due to the strong optical absorption and the 
excess of oxygen content in the GO layers [36,37]. 

The Urbach energy, ΔE can be defined as a level of disorderness in 
glass materials [38]. The Urbach energy values can be calculated using 
the slope in lower photon energy and the plot of logarithm of absorption 

coefficient, In(α) versus photon energy, Ћω by the expressions: 

α
(

ω
)
= β exp

(Ћω
ΔE

)
(3) 

This exponential behaviour shows that the band tails are associated 
with the valence and conduction bands [39]. The glass materials with 
high Urbach energy values have the tendency to convert the weak bonds 
into defects. Fig. 7 shows the variations of Urbach energy for ZBTNd-GO 
glasses and found in the range of 0.203–0.322 eV (see Table 2) [40]. The 
increasing trend in Urbach energy reflects to the growing number of 
defects in particular materials [41]. The Urbach energy values for 
ZBTNd-GO glasses were found higher than ZBTNd glasses which can be 
ascribed to the greater defects in GO layers. The GO layers consist with a 
large number of oxygens and large crumpled structure which contrib
utes to high defects. 

The refractive index n is a significant data to determine the capability 
of optoelectronics devices, especially in optical fiber and laser. More
over, the refractive index is related to the interactions between the 
photon energy and electrons of the constituent atoms in solid materials. 
The refractive index values can be calculated using the following 
equation [42]: 

n2 − 1
n2 + 1

= 1 −

̅̅̅̅̅̅̅̅̅̅
Eopt
20

√

(4)  

where n is the refractive index and Eopt represents the optical bandgap 
energy. The plotted graph of refractive index for ZBTNd and ZBTNd-GO 
along with the neodymium oxide concentrations was depicted in Fig. 8. 
It can be seen from the figure that the refractive index, n values for 
ZBTNd-GO glasses exhibit an increasing pattern ranging from 2.301 to 
2.332. Moreover, the refractive index for ZBTNd-GO glasses is found 
higher than ZBTNd glasses. This trend can be ascribed to the presence of 
high degree of oxygen and greater number of defects in GO layers. As 
can be referred in Table 3, it is noted that the GO layers improve the 
refractive index of tellurite glass. 

On top of that, this improvement indicates that the GO layers have 
increased the optical properties of glass materials and are useful for fiber 
optics. High number in refractive index is beneficial for manufacturing 
the fiber core in optical fiber. Thus, it should be acknowledged that the 
inclusion of GO as the coating materials offers reasonable performance 
to be used in fiber core. In addition, the non-linear trend in refractive 
index for ZBTNd-GO glasses was attributed to the disparity in atomic 
and oxidation numbers in the GO layers [43,44]. 

3.5. Electronic polarizability and oxide ion polarizability 

Electronic polarizability, αe is the most important parameters that 
can be used to estimate the non-linear optical response to solid mate
rials. Moreover, electronic polarizability can be expressed as a 

Fig. 5. Plot of (αЋω)1/2 against photon energy, Ћω of ZBTNd-GO glasses.  

Table 1 
Comparison of optical bandgap energy (Eopt) between ZBTNd and ZBTNd-GO 
glasses.  

Nd molar fraction ZBTNd ZBTNd-GO 

0.005 3.184 ± 0.1 nm [30] 3.253 ± 0.1 nm 
0.01 3.183 ± 0.1 nm [30] 3.315 ± 0.1 nm 
0.02 3.169 ± 0.1 nm [30] 3.357 ± 0.1 nm 
0.03 3.163 ± 0.1 nm [30] 3.376 ± 0.1 nm 
0.04 3.163 ± 0.1 nm [30] 3.381 ± 0.1 nm 
0.05 3.151 ± 0.1 nm [30] 3.361 ± 0.1 nm  

Fig. 6. Variation of optical bandgap values for ZBTNd and ZBTNd-GO glasses.  

Fig. 7. Variation of Urbach energy for ZBTNd and ZBTNd-GO glasses.  
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magnitude of electron correlates to an electric field based on the 
following expression [45]: 

αe =

(
3

4πNA

)(
n2 − 1
n2 + 2

)

Vm (5)  

where NA = Avogadro’s number, n = refractive index, and Vm = molar 
volume in glass samples. As mentioned on the above equation, the 
refractive index depends on the type of oxides in glass materials which 
means the more polarizable of an outer electron, the higher the refrac
tive index values, n. As noticed from Fig. 9, it can be seen that the 
electronic polarizability values of ZBTNd-GO glasses were found in the 

range of 8.815 Å3 to 8.887 Å3 which are greater than ZBTNd glasses 
[40]. 

The shift in electronic polarizability values for ZBTNd-GO glasses can 
be correlated to the high surface area and low particle density during the 
deposition process [46]. In addition, the high value of electronic 
polarizability reflects to the high number of refractive index and Te4+

ions existing in the glass system. Another explanation may have been the 
shift of polarization in GO layers under the total internal reflection (TIR) 
caused by the deposition of GO on the glass surfaces [47]. 

In particular, an estimation of oxide ion polarizability depends on the 
crystals and glasses, which may develop the technological importance as 
an optical and electronic materials [48]. The oxide ions can be defined 
as charge carriers in solid conductive materials and possessing the 
highly polarizable which often had been ignored in solid materials. 

As a fact, the oxide ion polarizability possesses the increasing values 
resulted from oxygen contents which enable to be present not only as a 
bridging nor non-bridging but also in terms of a degree of negative 
charge, where it can be varied via modifying the glass composition [49]. 
The relationship between the 

̅̅̅̅̅
Eg

√
and 1-Rm

Vm 
for a higher number of the 

simple oxides as stated based on the following relation [50]: 

Eg = 20
(

1 −
Rm

Vm

)2

(6) 

Therefore, the oxide ion polarizability can be calculated as indicated 
as the following relation: 

α0−2

(
Eg
)
=

[
Vm

2.52

(

1 −
̅̅̅̅̅
Eg

20

√ )

−
∑

αi

]
(

N0−2

)− 1
(7)  

where α0−
2 
(Eg)refers to energy bandgap based on oxide ion polariz

ability, 
∑

αi denotes as the molar fraction polarizability, and N0−
2 

stand 
for number of oxide ions in chemical formula. Fig. 10 shows the plotted 
graph of oxide ion polarizability for ZBTNd and ZBTNd-GO glasses along 
with the glass system containing different Nd3+ ions molar fraction. It 
can be seen from the figure that the oxide ion polarizability values of 
ZBTNd-GO glasses lies in the range of 2.071 Å3 to 3.467 Å3 and for 
ZBTNd glasses are in the range of 3.359 Å3 to 6.182 Å3 [40], respectively 
as tabulated in Table 4. 

It can be inferred that the addition of graphene-based materials on 
the glass coating caused the increment of energy gap in glass materials 
which contributed to the decreasing pattern in oxide ion polarizability. 
Additionally, the obtained oxide ion polarizability values can be related 
to an existence of localized states in bandgap energy by referring to 
David-Mott’s theory for the conduction in a non-crystalline system [51]. 
Moreover, the type of bond between the oxygen and graphene gives 
major role to the oxide ion polarizability. It may be presumed that the 
bonding between oxygen and graphene is stronger than the bonding of 
oxygen in the glass network. Hence, the oxygens in graphene layers are 
unlikely to be more polarizable. 

Table 2 
Comparison of Urbach energy (Eopt) between ZBTNd and ZBTNd-GO glasses.  

Nd molar fraction ZBTNd ZBTNd-GO 

0.005 0.316 ± 0.1 nm [40] 0.203 ± 0.1 nm 
0.01 0.316 ± 0.1 nm [40] 0.307 ± 0.1 nm 
0.02 0.317 ± 0.1 nm [40] 0.217 ± 0.1 nm 
0.03 0.319 ± 0.1 nm [40] 0.218 ± 0.1 nm 
0.04 0.318 ± 0.1 nm [40] 0.248 ± 0.1 nm 
0.05 0.320 ± 0.1 nm [40] 0.322 ± 0.1 nm  

Fig. 8. Refractive index values for ZBTNd and ZBTNd-GO glasses.  

Table 3 
Comparison of refractive index, n between ZBTNd and ZBTNd-GO glasses.  

Nd molar fraction ZBTNd ZBTNd-GO 

0.005 1.760 ± 10 μm [40] 2.332 ± 10 μm 
0.01 1.795 ± 10 μm [40] 2.317 ± 10 μm 
0.02 1.811 ± 10 μm [40] 2.307 ± 10 μm 
0.03 1.832 ± 10 μm [40] 2.303 ± 10 μm 
0.04 1.845 ± 10 μm [40] 2.301 ± 10 μm 
0.05 1.863 ± 10 μm [40] 2.306 ± 10 μm  

Fig. 9. Electronic polarizability values for ZBTNd and ZBTNd-GO glasses.  Fig. 10. Oxide ion polarizability values for ZBTNd and ZBTNd-GO glasses.  
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3.6. Optical basicity and metallization criterion 

Optical basicity is known as an electron donating material and a 
material containing oxide ions with high electron density is considered 
as high basicity [52]. Specifically, the optical basicity is related to solid 
chemical bonding through the polarizability of electron clouds sur
rounded by atoms or ions [53]. The theoretical calculation of optical 
basicity, ʌth for any types of glasses can be obtained from the following 
expression suggested by Duffy and Ingram [50]:  

ʌ = X1ʌ1 + X2ʌ2 + … …. + Xnʌn                                                    (8) 

where X1, X2, … …. , Xn represent the equivalent fractions of each oxides 
that attributes to an overall stoichiometry and ʌ1, ʌ2, … …, ʌn denote as 
the optical basicity of each individual oxides in glass matrix. The optical 
basicity and oxide ion polarizability have been defined from the 
refractive index and energy gap for a glass system and can be calculated 
based on the relationship as follows [54]: 

Λ= 1.67

(

1 −
1

α0−2

)

(9) 

As displayed in Fig. 11, the plotted graph of an optical basicity for 
ZBTNd-GO glasses were found decreases slightly from 0.864 to 1.188 
and for ZBTNd glasses are in the range of 1.173–1.401 [40], respectively 
with respect to the Nd3+ ions molar fraction. The comparison values of 
optical basicity between ZBTNd and ZBTNd-GO glasses are listed in 
Table 5. Decreasing values in optical basicity were influenced by the 
large number of oxygen-functionalized groups in GO surface layers and 
which can be seen to be less acidic in glass materials. The negative 
charge taken over by the oxygen atoms leads to a lower covalency of the 
cation-oxygen linking, which also significantly reduce the optical ba
sicity in the glass system [55]. The incorporation of modifier oxide in 
former oxide resulted in a modification of the acid-base reaction where 
the acidity of former oxide has been reduced by modifier oxide [56]. 

Metallization criterion can be connected to the metallic or insulating 

nature of glass materials and demonstrates a propensity for materials to 
be more metallic [57,58]. As reported by Dimitrov and Komatsu, the 
metallic behaviour of glass materials can be defined as Rm

Vm
= 1 or Rm

Vm
> 1 

whereas the non-metallic behaviour was estimated as Rm
Vm

< 1, respec
tively [51]. The metallization criterion can be obtained by the following 
equation as stated below: 

M= 1 −
Rm

Vm
(10)  

where Rm defines as the molar refraction and Vm refers to molar volume 
of glasses. The refractive index based on metallization criterion, M (n0) 
can be calculated and expressed using the relation as follows: 

M
(

n0

)

= 1 −
[

n2
0 − 1

n2
0 + 2

]

(11) 

The metallization criterion values were calculated using Eq. (11) and 
presented in Table 5 with the comparative values between ZBTNd and 
ZBTNd-GO glasses. As observed from Fig. 12, the metallization criterion 
values for ZBTNd-GO glasses exhibit decreasing pattern in the range of 
0.311–0.318 and for ZBTNd glasses lies in the range of 0.549–0.589 
[40], respectively. The reduction in metallization criterion for 
ZBTNd-GO glasses can be related with the influence of GO layers that 
compromised a large amount of oxygenated functional groups which 
lead to an improvement of optical performance in glass materials. 
Moreover, graphene itself has zero band gap value which may reduce 
the forbidden gap of glass system. Hence, it can be justified that the 
existence of GO layers on the ZBTNd glass surface enhance the metallic 
properties of glass system and hence, improve the semiconductor 
properties [59]. 

4. Conclusion 

In summary, the structural and optical properties of ZBTNd-GO 
glasses have been successfully investigated. The optical band gap and 
refractive index of ZBTNd-GO glasses values were shown to decrease 

Table 4 
Comparison of electronic polarizability and oxide ion polarizability values be
tween ZBTNd and ZBTNd-GO glasses.   

Nd 
molar 
fraction 

Electronic 
polarizability, 
αe (Å3) 
(ZBTNd) 

Electronic 
polarizability, 
αe (Å3) 
(ZBTNd-GO) 

Oxide ion 
polarizability, 
α0−

2
(Å3) 

(ZBTNd)  

Oxide ion 
polarizability, 
α0−

2 
(Å3) 

(ZBTNd-GO)  

0.005 5.265 [40] 8.824 3.546 [40] 2.071 
0.01 5.452 [40] 8.786 6.182 [40] 3.467 
0.02 5.567 [40] 8.815 6.156 [40] 3.421 
0.03 5.698 [40] 8.841 6.115 [40] 3.376 
0.04 5.795 [40] 8.887 6.084 [40] 3.343 
0.05 5.843 [40] 8.844 3.359 [40] 3.273  

Fig. 11. Optical basicity values for ZBTNd and ZBTNd-GO glasses.  

Table 5 
Comparison of optical basicity and metallization criterion values between 
ZBTNd and ZBTNd-GO glasses.   

Nd molar 
fraction 

Optical 
basicity, ʌ 
(ZBTNd) 

Optical 
basicity, ʌ 
(ZBTNd-GO) 

Metallization 
criterion 
(ZBTNd) 

Metallization 
criterion 
(ZBTNd-GO) 

0.005 1.401 [40] 0.864 0.589 [40] 0.311 
0.01 1.400 [40] 1.188 0.574 [40] 0.314 
0.02 1.399 [40] 1.182 0.568 [40] 0.316 
0.03 1.397 [40] 1.175 0.560 [40] 0.317 
0.04 1.396 [40] 1.170 0.555 [40] 0.318 
0.05 1.173 [40] 1.159 0.549 [40] 0.316  

Fig. 12. Metallization criterion values for ZBTNd and ZBTNd-GO glasses.  
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along with neodymium oxide concentration. The morphological study 
revealed the existence of GO structure on glass surface while the XRD 
spectra proved that the prepared glasses are amorphous in nature. The 
refractive index of ZBTNd-GO glasses was found higher than ZBTNd 
glasses which was corresponded to the high concentrations of oxygens. 
The increasing number of optical band gap in ZBTNd-GO glasses than 
ZBTNd glasses may be due to the strong chemical bonding between 
oxygen and graphene. The oxide ion polarizability values were found to 
decrease which can be ascribed to the low polarizability of oxygen in 
graphene layers. The decreasing pattern found in metallization criterion 
explains that the ZBTNd-GO glasses tend to be more metallic. Therefore, 
by coating between tellurite glass and graphene oxide can be a new 
strategy to increase optical properties of tellurite glass system and this 
research is highly valuable to fiber optics applications. 
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